In this paper, an investigation has been carried out to deal with a unified approach of estimation procedures of population variance in two-phase sampling design under missing at random non-response mechanism circumstances. Using two auxiliary variables, we have developed different chain-type exponential estimators of finite population variance for two different set-ups and studied their properties under the different assumption of random non-response considered by Tracy and Osahan (1994) . The comparisons of the proposed estimators have been made with some contemporary estimators of population variance under the similar realistic conditions. Numerical illustrations are presented to support the theoretical results. Results are analysed and suitable recommendations are put forward to the survey statisticians.
Introduction
It is well known that in sample surveys the finite population parameter can be estimated more accurately by making use of information on an auxiliary variable x that is correlated with the study variable y. Sometimes, information on auxiliary variable x is not known in advance for all the units of population, for such a situation two-phase sampling is a well-established technique for generating the valid estimates of unknown population parameters of auxiliary variable x in the first phase sample. Ratio, product and regression methods of estimation are good illustrations in this context. Some pioneer works in this direction have been done by several authors, see Chand (1975) , Kiregyera (1980) , Mukherjee et al. (1987) , Singh and Upadhyaya (1995) , Pradhan (2005) , Singh and Vishwakarma (2007) and Singh and Majhi (2014) among others, in two-phase sampling set-up.
It may be noted that most of the related work of estimation of population variance in sample surveys is based on the assumption of complete response from the sample data such as Das and Tripathi (1978) , Srivastava and Jhaji (1980) , Isaki (1983) , Singh (1983) , Upadhyay and Singh (1983) , Tripathi et al. (1988) , Biradar and Singh (1994) and Ahmed et al. (2003) among others. However, in some practical situations, it is a common experience in sample surveys that the information cannot always be obtained from all the units selected in the sample. For instance, in the first attempt we are not able to collect information from the selected families while some of them may decline to cooperate with the interviewer even if contacted. This results in incomplete data, and this incompleteness is known as non-response and sometimes a huge amount of non-response can completely deviate from desired estimation. Rubin (1976) recommend three particular causes of non-response: missing at random (MAR), observed at random (OAR), and parameter distribution (PD) . The missing at random (MAR) response mechanism is helpful in the estimation of population parameters (means, variance, etc.) in economical way even in the presence of non-response in the survey data. Rubin (1976) , Tracy and Osahan (1994) , Heitzan and Basu (1996) , Singh and Joarder (1998) , Singh et al. (2000) and Singh and Tracy (2001) have suggested the estimators for estimating the finite population parameters (mean, variance, etc.) under the different type random non-response situation. Singh et al. (2003) , Singh et al. (2012) and Bandyopadhyay and Singh (2015) have developed a class of estimators of population variance in two-phase sampling under the situation of random nonresponse (MAR). studied the properties of a family of estimators for population mean, ratio and product under the above situation of random non-response. Further improvement in the estimation procedure for population variance in the presence of non-response using multi-auxiliary characters in two-phase sampling was suggested by Ahmad et al. (2013) under the strategy given by Hansen and Hurwitz (1946) .
In the follow-up to the above work and utilizing two auxiliary variables, we have developed some chain-type exponential estimators for estimation of population variance in the presence of random non-response based on missing at random (MAR) response mechanism under two different set-ups of two-phase sampling and studied their properties. The behaviours of the proposed estimators are studied and results are supported with suitable empirical studies, which are followed by suitable recommendation to the survey practitioners. 
Two-Phase Sampling Structures
x is unknown but the information on z is available for all the units of population, we use the following two-phase sampling scheme. To furnish estimate of population variance 2 x S of auxiliary variable x, a first phase sample S of size n is drawn by simple random sampling without replacement (SRSWOR) scheme from the entire population U and observed for the auxiliary characters x and z to estimate 
Proposed Strategies
Following the work of Isaki (1983) 
Following the above suggestions, it is assumed that a complete response situation occurs at the first phase sample S while non-response situation occurs over all variables y, x and z or in different way in the second phase sample S. We have developed different chain-type exponential estimators of population variance 2 y S in two-phase sampling design when the population variance 2 x S of auxiliary variable x is unknown, which may be useful for real life situations such as (i). In the household survey, we considered household size as the auxiliary variable for the estimation of family expenditures. Information may be obtained completely on family size, while there may be random non-response on household expenditure (ii). In the agricultural survey, expenditures of fertilizer or pesticides on crop may be used as the auxiliary variable for estimating the production of crop. There may be random non-response on both the variables. We have presented the following strategies I-IV for handling the above real life situations: Strategies I: In this situation, we assume that the information on variable y could not be obtained for r units while the complete information on variable x is available at the second phase sample S and the population variance 
Strategies II: When random non-response occurs on the study variable y as well as auxiliary variable x at the second phase sample S and the population variance 
Strategies III: In this situation, it is considered that the random non-response occurs on the study variable y as well as on the auxiliary variables x and z in the second phase sample S and the population variance 
Strategies IV: In this situation, we assume that the random non-response occurs on the study variable y and the auxiliary variable z with unknown population variance 2 z S while the complete information on the auxiliary variable x is available.
Then, the estimators of finite population variance 
Bias and Mean Square Error of proposed estimators under case I
In this section, we have considered that the second phase sample S of size m is drawn as a subsample from the first phase sample S of size n and we have the following results. E e e = f ρ C C 582 G. N. Singh, et. al.: Development of chain-type… where e +e 1 T = S 1+e 1+e exp e -e 1+ 2 2 e +e 1 T = S 1+e 1+e exp e -e 1+ 2 2
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Similarly, we can express the right-hand side of equations (16) Taking expectations on both sides of the equation (23) and similarly processing for equations (16) E e e =E e e =E e e = E e e = E e e = E e e = E e e = E e e = 0
Proceeding as section 5.1 and using the expected value as section 5.2, we have derived the expressions for bias B(.) and mean square errors M(.) of the proposed estimators 
The performances of our proposed estimators i T (i = 1, 2,...., 8) are compared with the other estimators considered in this paper and their dominance is examined below through empirical studies carried over three different populations.
Numerical Illustration
We 590 G. N. Singh, The empirical studies are carried out for different choices of non-response rate p, the performances of the proposed estimators i 
Interpretations of Empirical Results
The following interpretations can be read out from the present study. From Tables 1-4, it is visible that almost all the values of percent relative efficiencies are exceeding 100 for all the parametric combinations, which indicate that the proposed estimators are uniformly dominating over the existing estimators as considered in this work. (a) From Tables 1 and 3 , it may be seen that the values of percent relative efficiencies decrease and increase respectively for both the cases as the values of non-response rate p increase. (b) Further, when the random non-response rate p increases we observe the zigzag trend in Tables 2 and 4.
Conclusions
In this paper, we have studied different chain-type exponential estimators for improving estimation of the population variance under the situation of random non-response. Following the analyses of effective estimation procedures, it has been found that the results are highly desirable, which indicate the proposition of proposed estimators and subsequent estimation procedures. Hence, looking on the nice behaviour, the proposed estimation procedures may be recommended to the survey statisticians for their practical application whenever they intend to deal with the sensitive or stigmatizing attributes such as drinking alcohol, gambling habit, drug addiction, tax evasion, history of induced abortions, etc.
